ABSTRACT At present there is no satisfactory technique for repeated lung biopsy in recipients of heart-lung transplants. A new technique for lung biopsy, which might be adopted for this purpose, has been developed. A Teflon sheath is inserted through the jugular vein into the pulmonary artery with the aid of a balloon catheter. A flexible biopsy forceps is then introduced through the sheath into the pulmonary arterial tree and advanced into the periphery of the lung, where biopsy samples are taken. The procedure was attempted in 14 pigs. Initially crocodile jaw (two pigs) and fenestrated cups forceps (five pigs), which are currently in use for transbronchial lung biopsy, were used. Subsequently the biopsy forceps was modified and the jaws were replaced by a cutting needle mechanism (six pigs). Out of the 13 animals in which the procedure was technically possible, lung parenchyma was obtained from nine and pulmonary arterial wall from 11. One animal died shortly after the procedure. The cause of death could not be determined with certainty at postmortem examination. There was, however, a small tear on the surface of the lung, which could have produced a tension pneumothorax. The other 12 animals recovered from the procedure. They were killed 24 hours later and postmortem examination was carried out. One animal in which the crocodile jaw forceps had been used had a haematoma in the lower lobe (3 x 3 x 4cm) and 100 ml of blood in the pleural cavity. In the other 11 animals, in which the fenestrated cups or the cutting needle forceps had been used, the intrapulmonary haematomas were 1-2cm in diameter and the pleural surface was intact.lt is concluded therefore that transvenous lung biopsy is feasible and that this procedure might find an application in monitoring rejection in recipients of heart-lung transplants. Early 
Early laboratory and clinical experience in heart-lung transplantation suggested a close correlation of rejection in the two organs.' 2 This concept was central to the management of recipients of heart-lung transplants, and has been the basis for using cardiac biopsy in the diagnosis of rejection in the combined graft. Recent experiments in primate heart-lung transplantation have, however, shown that significant pulmonary rejection leading to respiratory failure can occur in the absence of cardiac rejection.3 This has also occurred in clinical practice. 4 Independent surveillance of lung rejection if practicable would therefore be a logical approach to this problem. This prompted us to explore the possibility of developing a simple technique for repeated lung biopsy that could be carried out with the same ease and frequency as transvenous cardiac biopsy. ' We considered that it should be possible to perform lung biopsy through the pulmonary arterial tree, with the bioptome introduced percutaneously through the internal jugular vein into the right ventricle and then into the pulmonary artery. The technical challenge was, however, considerable, and we had to prove that the procedure would be safe and that the specimen obtained would be representative.
Methods
The first requirement was to develop a method whereby a flexible biopsy forceps could be introduced into the pulmonary artery via the jugular vein. This was achieved by designing a Teflon sheath 40 cm long, with an internal diameter of 7F, mounted on a 60 cm 6F balloon catheter. After the assembly had been floated into the pulmonary artery the balloon catheter was removed, the end of the sheath being left in the main pulmonary artery. 965 the sleeve is bevelled with a cutting edge. Within the sleeve slides a probe with a biopsy notch 12mm long and a rounded tip that forms the advancing end of the forceps.
Altogether transvenous lung biopsy was attempted on 14 pigs (35 kg in weight). General anaesthesia was by halothane delivered through a mask and spontaneous breathing was maintained. The animal was placed on the operating table in the lateral position with the right side up. The right external jugular vein was exposed in the neck with a short transverse incision. Through a purse string suture a Cordis introducer systemt was inserted. The dilator of the Cordis system was then removed, a 10cm long 9F sleeve being left within the vein. The 40 cm Teflon sheath mounted on a 6F balloon catheter was then inserted through the Cordis sleeve and floated into the left pulmonary artery. The balloon catheter was then removed and the end of the Teflon sheath was left in the pulmonary artery. The flexible biopsy forceps was then inserted through the sheath and advanced under radiographic control as far as possible until it engaged in a small peripheral artery. The biopsy mechanism was then activated with minimal withdrawal or advancement of the forceps. We attempted to obtain tissue as peripherally as was possible without damaging the pleura. Three or four specimens were obtained from each animal. Chest radiographs were done before and one hour after the procedure. The animals were killed 24 hours later and postmortem examination of the heart and lungs was carried out. Results (table) In one animal (pig 3) it was impossible to float the balloon catheter into the pulmonary artery. Lung parenchyma was obtained from nine of the other 13 animals. Pulmonary arterial wall was obtained from 11 animals (fig 2) . One animal (pig 4) died half an hour after the procedure. Postmortem examination showed a small tear on the surface of the left lower lobe and the left pleural cavity contained 50ml of blood. The right lung and the heart were normal. The other 12 animals recovered satisfactorily from the procedure and none developed haemoptysis. Postmortem examination showed in pig No I a haematoma in the left lower lobe (3 x 3 x 4 cm) with 100 ml of blood in the left pleural cavity. The biopsy had been carried out in this animal with the crocodile jaw forceps. The five animals in which the fenestrated cups forceps had been used developed small haematomas at the biopsy sites, about 2 cm in diameter. The cutting needle biopsy forceps was used in six animals and the intrapulmonary haematomas were cation among heart-lung transplant recipients, however, would be expected to be low because of postoperative pleural adhesions. Of more concern is the possibility of pulmonary haemorrhage. Our study has shown that with the fenestrated cups or the cutting needle biopsy forceps used transvenously the intrapulmonary haematomas measured 1-2 cm in diameter, and with no evidence of haemorrhage into the airways.
We are currently investigating the use of transvenous lung biopsy in experimental lung transplantation, and we believe that this technique could be considered for use in clinical practice in the future. The major potential application lies in its use in recipients of heart-lung transplants for the diagnosis of rejection. Conceivably the application of this procedure could be extended to patients with acute diffuse lung disease of unknown aetiology, especially those with hypoxaemia, in whom bronchoscopic procedures are associated with a high morbidity rate.
